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Abstract: The use of training systems for cherry trees is significantly important, as they form the basis of future shoots, which are
potential producers of fruits. Numerous studies have been carried out on training systems for cherries around the world. It is well
known that new training systems result in a shorter fruiting time and ease mechanical operations, such as harvesting and pruning.
Unfortunately, new systems have never been tried for sweet cherry in Turkey. This study was aimed at determining the effect of different
training systems, such as tall spindle axe (TSA), super spindle axe (SSA), upright fruiting offshoots (UFO), and Kym Green bush
(KGB), on the growth, yield and fruit quality of the 0900 Ziraat/Gisela 6 cherry combination throughout 2014–2018. The Vogel central
leader system was used as the control to compare the effect of the new systems. The new training systems affected the diameter, length,
number of primary shoots on the leader, yield, fruit weight, firmness, diameter, color, soluble solid content, titratable acidity of the
fruit, number of basal flowers, flower spurs, and harvest efficiency. Earlier formation of the trees was observed with the SSA and TSA
systems. The trees were formed within 2–3 years in the KGB system. The UFO system created a uniform fruiting wall structure, which
made harvesting easier. According to the preliminary results and observations of the current study, harvesting becomes easier with these
new systems compared to the Vogel central leader. The labor cost of harvesting and pruning in the new training systems was also lower
compared with the conventional Vogel central leader system. The new training systems are strongly recommended in Turkey for higher
productivity and economic returns of sweet cherry.
Key words: Fruit quality, growth, orchard management, Prunus avium L., yield.

1. Introduction
Sweet cherry production in Turkey (almost 500,000 t
annually) has increased rapidly, a large portion of which
is exported to Europe, Russia, China, and the USA (http://
faostat3.fao.org/download/Q/QC/E). In Turkey, 0900
Ziraat is the most important exported cultivar, accounting
for 95% of exported cherry exports of the country.
Numerous studies have been carried out globally to
increase yield and fruit quality of sweet cherries, save labor
and time, and reduce production costs (Lang, 2005, 2011,
2013a, 2013b; Robinson and Hoying, 2003, 2014; Musacchi
and Lugli, 2014). In the first high-density orchard trials,
sweet cherries were planted with vigorous rootstocks such
as Mazzard and Mahaleb. The Zahn training system was
developed in Germany in the 1970s under the leadership
of Fritz Zahn, which has been used in many high-density
sweet cherry orchards. The Spanish bush or Spanish vase
system was developed in the early 1980s. The V production
system, known as the Tatura Trellis, was developed in
Australia during the 1980s. The Vogel spindle, Brunner

spindle, and slender spindle training systems were modified
from the Zahn spindle system in early trials with dwarf
and semidwarf rootstocks during the late 1980s and 1990s
(Robinson, 2005). In recent years, new training systems
have been developed that utilize higher densities of dwarf
rootstocks. Some of these systems are the tall spindle axe
(TSA), super slender axe (SSA), upright fruiting offshoots
(UFO), and Kym Green bush (KGB), which are now being
tested throughout the world.
Of these systems, the TSA is a freestanding central
leader training system. The goal of TSA training is to
develop about 20 lateral shoots, with 20 to 35 fruits, in the
first 2 years. The target height for the trees in this system is
2.5–3 m (Lang, 2013a).
The SSA system is similar to the TSA system but the
former utilizes a different technique of annual pruning
that alters the population of fruiting sites within the tree
canopy compared with TSA. The SSA system, which was
developed by Dr Stefano Musacchi in Italy, is trellised
with a single top wire to orient trees as a fruiting wall and
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involves dormant pruning cuts at the second or third basal
vegetative buds on the lateral branches formed during
the prior growing season. The new shoots arising from
these vegetative buds provide a leaf area that supplies
photosynthates (carbohydrates) for the development of
fruits that set from the basal flower buds at the bottom of
the cut lateral branch. SSA trees are planted at about 0.75
× 2.5–3.5 m (Lang, 2013b). The SSA system contains the
annual heading of lateral shoots to balance the leaf-to-fruit
ratio, future crop loads, and annual renewal of the oldest
fruiting branches, so that the only permanent structure is
the central leader.
The UFO system is based on the narrow fruiting
wall tree canopy architecture of upright fruiting shoots
created by Dr Greg Lang at Washington State University
and was further modified by Dr Matthew Whiting by
planting the nursery tree at an angle of 45° for more rapid
initiation of the upright fruiting shoots. The UFO system
requires trellis wire support and the tree height remains
about 2.5–3 m (Lang, 2013b). The UFO system is the
most advantageous in terms of harvest labor efficiency
and cost (Hansen, 2011). The UFO system is precocious,
productive, and simple to maintain. Each tree comprises a
permanent single horizontal trunk from which renewable
fruiting leaders are grown vertically. Fruits are borne
predominantly on spurs, but also at the base of 1-year-old
shoots, all on vertical wood.
The KGB system creates a fully pedestrian orchard
that can be harvested without ladders or platforms. The
KGB training system was developed by an Australian
producer (Kym Green) by making some changes in the
Spanish bush system. The basis of the system is a bushtype multiple-leader tree comprising 20–30 fruiting shoots
that are grown vertically. In the KGB tree, all vertical
leaders are renewed. In the KGB system, 1900 trees can be
planted per hectare without support, and the tree height
is targeted at 2.5–3 m. The most important advantages of
this system include easy training and management that
reduces labor costs (Demirsoy, 2015; Long et al., 2015;
http://fruitgrowersnews.com/index.php/magazine/article/
project-studies-rootstock-training-system combinations).
The Vogel central leader was developed in Franconia,
Germany. The Vogel requires little pruning in the
establishment. The “Christmas tree” shape promotes good
light distribution throughout the canopy, and the fruiting
wood is renewed on a regular basis with this system (Long
et al., 2015).
These new systems have never been tried in Turkey.
New training systems reducing production and labor
costs should be adopted to continue Turkey’s leadership in
cherry production and exports in the world. This research
was carried out to determine the effect of different
training systems (TSA, SSA, UFO, and KGB) on growth,

yield, and fruit quality in the 0900 Ziraat/Gisela 6 cherry
combination.
2. Materials and Methods
2.1. Materials
This study was carried out in Bafra (41°33′50″N,
35°52′17″E), situated in the North Anatolia region of
Turkey, from 2014 to 2018. The altitude of the experimental
area was 16 m and the region had a mild climate. The
hottest months were July and August and the coldest were
January and February (https://www.mgm.gov.tr/2015).
The soil of the experimental area was silty clay loam
(33.73% clay, 55.35% silt, and 10.92% sand) with an
oxidizable organic matter content of 2.71% (moderate).
The pH, EC, lime content, total N content, and available
P content were 8.03 (moderately alkaline reaction), 0.55
dS m–1 (nonsaline), 10.28% (moderate), 0.062% (low), and
31.49 mg kg–1 (high), respectively. Similarly, exchangeable
K, Na, Ca, and Mg contents were 0.34 (moderate), 1.12
(high), 21.00 (very high), and 6.80 (high) cmol (+) kg–1,
respectively.
In European markets, 0900 Ziraat is known as Turkish
cherry, which emerged as a selection from Allahdiyen
(Manisa-Salihli). Its fruits are heart-shaped, very firm,
large, dark red, and tolerant to cracking. Upright and
strong growth, incompatibility, and low productivity are
problems associated with 0900 Ziraat. It is not self-fertile
(S3S12) (Long et al., 2007). The Gisela 6 (P. cerasus × P.
canescens) was bred in Giessen, Germany (Lang, 2000),
which is a semidwarf rootstock. Despite being relatively
strong, a variety grafted on it can be managed easily. It can
be used as rootstock in fertile loam soils for cherry.
2.2. Methods
The trees were planted in January 2014 and trained
according to the TSA, SSA, UFO, and KGB systems,
whereas the Vogel central leader was used as the control.
The 5 examined training systems were established
according to the methods of Long et al. (2015) and Long
(2001). Planting distances for each training system were
1.5 × 3.5 m for TSA, UFO, and KGB; 0.75 × 3.5 m for SSA;
and 5.0 × 3.5 m for Vogel.
The diameters and heights of the trees at planting are
given in Table 1.
2.3. Measurements
The trunk diameter and height of the tree were determined
(in February, before pruning). The trunk diameter 10 cm
above the grafting point was measured using a digital
caliper. The height of all of the trees was measured from
the first node to the peak of the tree. The diameter (5 cm
away from the connection point, in mm) and length of the
annual shoots (cm) was measured, using a measuring tape,
on each tree of the replications and averaged.
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Table 1. Diameter and height of the nursery trees at planting in
2014 (February).
Systems

Trunk diameter
(mm)

Tree height
(cm)

VG

12.7

138

UFO

12.7

139

TSA

12.7

137

KGB

13.2

143

SSA

12.9

142

The number of primary shoots emerging on the central
leader was carefully counted on each tree and averaged.
The numbers of individual flower spurs, flower spurs per
tree, and fruits present on each tree were carefully counted
and averaged. The yield per unit of land area (g/m2) of each
training system was recorded.
The fruit weights (g) of 25 fruit samples were recorded
with an electronic balance and averaged. The fruit
diameters (mm) of 25 randomly selected fruits were
determined using a digital caliper and averaged. Fruit
firmness (g/mm2) was measured as depression hand force
for a defined depression distance. The brightness (L),
color intensity (C), and color tone/hue (H°) values were
determined by reading the color measurement device.
The soluble solids content (SSC) (°Brix, %) of individual
fruits was determined using hand refractometer juice.
For measuring the titratable acidity (malic acid, %), a 5
mL sample of juice was diluted with 50 mL of distilled
water and titrated with 0.1 N NaOH solution, with the
aid of phenolphthalein reagent. The results of the acid
measurements were calculated from the malic acid type
commonly found in sweet cherries. In addition, the

harvest efficiency (yield per time, g/s) was determined by
the amount of fruit harvested divided by the time required
for harvest.
2.4. Statistical analysis
The experiment was arranged according to a completely
randomized design with a total of 5 treatments, including
the control and 4 replications with 3 trees per plot (with a
total of 60 trees). Analysis of variance (ANOVA) was used
to test the significance of the collected data. The normality
of the dataset was tested prior to ANOVA and nonnormal
parameters were normalized by appropriate normalization
techniques to meet the normality assumption of ANOVA.
Duncan’s multiple range test was used as a post hoc test to
compare the means where ANOVA indicated significant
differences.
3. Results and discussion
Significant differences were observed among the training
systems for the tree height, whereas the trunk diameter
remained nonsignificant during 2015 (Table 2). The
highest tree height was recorded in the SSA training system
followed by TSA and Vogel. As expected, the shortest trees
were noted in the KGB and UFO training systems because
of the structure of the systems, especially in the first year
(Long, 2007, 2009; Long et al., 2015). The training system
had a nonsignificant effect for the number, diameter, and
length of the annual shoots on the leader (Table 2).
The tested training systems differed significantly for the
trunk diameter, tree height, diameter, length, and number
of primary shoots on the leader during 2016 (Table 3). The
thickest trees were observed with the Vogel (50.4 mm) and
UFO (48.0 mm) systems followed by TSA and SSA. The
longest trees were recorded with the Vogel central leader
(3.1 m), followed by TSA (3.0 m) and SSA (2.8 m). In the

Table 2. Trunk diameter (mm), tree height (m), diameter (mm), length (cm), and number of primary
branch values on the leader in 2015.

Systems

Trunk
diameter (mm)

Tree height
(m)

Primary shoots on the leader
Diameter
(mm)

Length
(cm)

VG

24.9

1.9 a

9.7

54.9

3.7

UFO

25.3

1.4 b

8.9

39.5

4.9

TSA

23.5

1.9 a

9.8

47.5

5.3

KGB

22.5

1.2 b

7.8

39.4

6.0

SSA

24.9

2.1 a

9.1

48.2

4.4

P

NS

≤0.01

NS

NS

NS

Means followed by the same letter in the same column are not significantly different.
P: Probability, NS: nonsignificant.
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KGB system, the diameter of the primary shoots was 7.5
cm, while the number of shoots remained around 24, so the
target was achieved. A similar numbers of vertical shoots
are required for adult trees in the KGB system, which has
been reported in various earlier studies (Demirsoy, 2015;
Long et al., 2015). The TSA and SSA systems yielded the
most lateral shoots, with 17.6 and 17.3, respectively, after
KGB (Table 3). Long et al. (2015) aimed to develop 15–
20 well-distributed secondary lateral branches that were
relatively uniform and moderate with these 2 systems
(TSA and SSA) in the second growing season. In the UFO
system, approximately 11 shoots were recorded when the
planting distance (1.5 m) was considered. The UFO system
requires that the distance between upright shoots be about
20 cm (Demirsoy et al., 2016; Long et al., 2016). In our
study, the distance between upright shoots was about 15
cm (Table 3).

The fruit weight (g), firmness (g/mm2), diameter (mm),
color (L, C, H°), SSC (%), titratable acidity (%), yield per
unit of land area (g/m2), and yield per tree (g/tree) were
determined in June 2016. However, the yield data were not
very important, as the yield was very low; thus, the data
were considered as preliminary (Table 4). Nonetheless,
the yield data gave a glimpse about the tendency of earlier
fruiting (precocity) among the systems.
Significant differences were observed among the
training systems for titratable acidity and yield. However,
other fruit quality parameters were nonsignificant. The
yield per unit of land area and yield per tree showed
which training system resulted in earlier fruiting. All of
the systems had a higher yield than Vogel, even the KGB,
where a sufficient number of shoots was expected. Trees in
the KGB and Vogel systems are expected to bear fruit later
than the other systems (Long, 2005).

Table 3. Trunk diameter (mm), tree height (m), diameter (mm), length (cm), and number of primary
branch values on the leader in 2016.

Systems

Trunk
diameter (mm)

Tree height
(m)

VG

50.4 a

3.1 a

Primary shoots on the leader
Diameter
(mm)

Length
(cm)

Number

12.7 a

71.7 a

15.5 b

UFO

48.0 a

1.7 b

12.2 a

67.5 a

10.6 b

TSA

45.0 ab

2.8 a

12.0 a

66.5 a

17.6 ab

KGB

38.0 b

1.5 b

7.5 b

41.3 b

23.8 a

SSA

42.9 ab

3.0 a

10.9 a

61.6 a

17.3 ab

P

≤0.05

≤0.01

≤0.01

≤0.01

≤0.01

Means followed by the same letter in the same column are not significantly different.
P: Probability.
Table 4. Fruit diameter (mm), weight (g), firmness (kg/cm2), SSC (%), TA (%), yield (g/tree), and color (L, C, H°) values on the leader
in 2016.

System

Fruit
diameter
(mm)

Weight
(g)

Fruit
firmness
(kg/cm2)

SSC
(%)

TA
(%)

Yield
g/m2

g/tree

Fruit color
L

C

H°

VG

25.98

9.4

0.53

14.9

0.6 ab

4.2 b

59.4 b

34.71

22.22

20.18

UFO
TSA
KGB
SSA
P

26.17
26.75
26.51
27.09
NS

9.2
9.6
9.8
10.4
NS

0.46
0.52
0.47
0.52
NS

14.4
15.3
16.1
17.1
NS

0.5 b
0.5 b
0.7 ab
0.8 a
≤0.05

40.5 ab
25.5 ab
15.9 b
64.6 a
≤0.01

212.7 a
133.8 ab
83.7 ab
169.6 ab
≤0.05

36.56
34.12
35.23
34.90
NS

23.32
22.11
22.49
21.69
NS

40.92
35.80
28.45
20.56
NS

Means followed by same letter in the same column are not significantly different
SSC: Soluble solids content, TA: titratable acidity, P: probability, NS: nonsignificant.
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The trunk diameter, tree height and diameter, and
length and number of primary shoots on the leader
were determined in February 2017 (Table 5). There were
significant differences among training systems in terms of
the trunk diameter and tree height. However, the trees with
the Vogel central leader had a longer central leader due to
the cutting of annual leaders for tier formation, which was
longer than those in the TSA and SSA systems. Considering
the number and length of the primary shoots on the
leader, the longest shoots were observed from the trees in
UFO system and the highest number of shoots (in 2017
and 2018) was obtained from the trees in the SSA system,
followed by TSA and Vogel. It is well known that the main
fruit production centers in cherries are lateral shoots and
their number in terms of productivity is very important
(Macit et al., 2017). In the KGB system, there was sufficient
length and number of shoots for the system (Table 5).

The fruit characteristics, yield per unit of land area (g/
m2), yield per tree (g), and harvest efficiency (g/s) were
recorded in June 2017. The numbers of flower spurs,
basal flowers, and fruits on the trees in all of the systems
were recorded in 2017. The training systems differed
significantly for the number of flower spurs, individual
flowers spurs, and fruits (Table 6). The highest number of
flower spurs was observed in the KGB system. The least
number of flower spurs was observed in the SSA system,
since flowering and cropping on SSA trees occurs primarily
on the basal buds of 1-year-old shoots (Long et al., 2015).
Similarly, the highest number of individual flower spurs
was recorded in the TSA system, as was the highest number
of fruits (Table 6). The numbers of flower spurs, individual
flowers spurs, and fruits showed the tendency of precocity
among the training systems. These showed that all of the
training systems were better than Vogel.

Table 5. Trunk diameter (mm), tree height (m), diameter (mm), length (cm), and number of primary branches on
the leader in 2017.

Systems

Trunk
diameter (mm)

Tree
height (m)

Primary shoots on the leader
Diameter (mm)

Length (cm)

Number1

Number2

VG

68.9

3.2

18.7

53.5 bc

12.3 ab

20.8 b

UFO

62.5

2.0

19.5

122.1 a

6.0 b

9.2 d

TSA

61.8

2.4

18.1

59.8 bc

11.7 ab

23.9 b

KGB

55.7

1.8

13.9

83.6 ab

13.8 ab

15.7 c

SSA

56.8

3.0

18.1

16.5 c

20.0 a

32.2 a

P

NS

NS

NS

≤0.01

≤0.01

≤0.01

Means followed by the same letter in the same column are not significantly different.
P: Probability, NS: nonsignificant. 1: Number of primary branches on the leader in 2017, 2: number of primary
branches on the leader in 2018 August.
Table 6. Number of flower spurs, number of individual flowers spurs, number of fruits, yield (g/m2, kg/
tree), and harvest efficiency (g/s) on the leader in 2017.

Systems

Number of
flower spurs

Number of
individual
flower spurs

Number of
fruits

Yield
g/m2

kg/tree

Harvest
efficiency (g/s)

VG

25.3 ab

66.8 b

274.2 ab

55.0 b

0.8 b

6.2

UFO

31.5 ab

106.3 ab

195.5 b

293.5 ab

1.5 ab

10.1

TSA

36.3 ab

242.3 a

351.0 a

560.6 a

2.9 a

5.8

KGB

55.3 a

152.7 ab

336.4 ab

333.7 ab

1.8 ab

5.3

SSA

8.1 b

150.6 ab

207.5 ab

609.0 a

1.6 ab

6.4

P

≤0.05

≤0.05

≤0.05

≤0.05

≤0.01

NS

Means followed by the same letter in the same column are not significantly different.
P: Probability, NS: nonsignificant.
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Table 7. Fruit diameter (mm), weight (g), firmness (kg/cm2), SSC (%), TA (%), and color (L, C, H°) values on the leader in 2017.

VG

25.51 ab

9.3 b

Fruit
firmness
(kg/cm2)
0.39 b

UFO

26.19 a

9.7 ab

0.41 ab

Systems

Fruit
diameter (mm)

Weight
(g)

SSC
(%)

TA
(%)

Fruit color
L

C

H°

20.4

0.76

27.71 b

11.77 b

288.02 a

18.9

0.80

29.19 a

17.09 a

81.83 b

TSA

26.54 a

10.0 ab

0.42 ab

18.3

0.72

27.49 b

13.98 ab

141.12 b

KGB

24.73 b

9.1 b

0.40 b

19.1

0.73

27.63 b

12.85 b

291.07 a

SSA

26.34 a

10.6 a

0.44 a

19.7

0.77

28.77 ab

16.62 a

78.36 b

P

≤0.05

≤0.05

≤0.05

NS

NS

≤0.05

≤0.01

≤0.01

Means followed by the same letter in the same column are not significantly different.
P: Probability, SSC: soluble solids content, TA: titratable acidity, NS: nonsignificant.

KGB

TSA

Vogel Central
Leader

SSA

UFO

Figure. General view of the training systems.
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The highest yield per unit of land area was obtained
from the SSA training system (609 g/m2), followed by
TSA (560.6 g/m2) and KGB (333.7 g/m2). The highest yield
per tree was noted in the TSA training system (2.9 kg),
followed by KGB (1.8 kg), SSA (1.6 kg), and UFO (1.5 kg).
The results of the current study are in line with a study
conducted in the USA on high-density systems, where
the Benton variety was grafted on Gisela 3 and Gisela 5
rootstock and the highest yield was obtained from the
TSA and UFO training systems (Lang et al., 2017).
Considering the harvest efficiency of the training
systems, UFO was the most labor-efficient system (10.1
g/s), although the training systems had a nonsignificant
effect on the harvest efficiency. This indicates that the
UFO system will significantly reduce the harvest cost. A
study in the USA determined that canopy architecture
had a major effect on sweet cherry harvest labor
efficiency, while orchards that had pedestrian and planar
architectures were most efficient, since most fruits were
accessible from the ground (Ampatzidis et. al., 2013).
Whiting (2017) reported that the mean harvest rate was
28.2 kg/h in the traditional open vase system, while it was
48.6 kg/h in the UFO training system. The study showed
that the new systems allow the picking of fruit without
using ladders (except for the Vogel central leader) and
harvest efficiency will be much better in the future years
(Table 6).
The largest and heaviest fruits were harvested from
trees in the SSA, TSA, and UFO systems. Similarly, the
highest fruit firmness was recorded with SSA (0.44 kg/
cm2). Moreover, there was no statistical difference among
the training systems in terms of the SSC and titratable
acidity (Table 7).

When the effect of the training systems on the fruit color
was considered, the darkest fruits were produced by the
trees with the Vogel central leader, KGB, and TSA systems,
which also coincided with the color intensity (Table 7). The
highest H° value was noted from trees with the Vogel central
leader and KGB system (Table 7).
The targeted tree shape was an important concern of
the current study. The targeted tree shape was successfully
obtained for each system during the current study (Figure).
Every training system has pros and cons in terms of the ease
and cost of establishment, harvest efficiency, pruning, fruit
quality parameters, precocious yield, and yield per orchard.
In the first year, the yield was higher in the TSA and SSA
systems. Harvest efficiency was highest in the UFO training
system, which characterized a uniform fruiting wall.
However, with the UFO, some labor was needed for planting
during the first year, with a planting triangle and bending
and tying after a certain period of planting in the trees.
According to the results of the current experiment, the
SSA system can result in better yield and higher economic
returns. Even though the TSA system has some advantages
in terms of efficiency, the use of ladders, pruning, and harvest
labor was a disadvantage of this system. The fruit quality,
productivity, pruning, and harvest efficiency of the new
systems should be studied in future work. The new training
systems will make it possible to get fruit in a shorter time
and provide opportunities for future mechanical operations
like harvesting and pruning.
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